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1
COMMUNICATION SYSTEM,
COMMUNICATION APPARATUS, AND
COMMUNICATION METHOD

TECHNICAL FIELD

The present invention generally relates to mobile commu-
nication technologies. More particularly, the present inven-
tion relates to a communication system, a communication
apparatus, and a communication method using a high-fre-
quency wide band.

BACKGROUND ART

In the field of mobile communication, next-generation
communication systems as successors to W-CDMA and
HSDPA are being discussed by 3GPP, a standardization
group. Examples of next-generation communication systems
include a Long Term Evolution (LTE) system and an IMT-
advanced system (fourth-generation mobile communication
system). The IMT-advanced system (IMT-A) is also called
the LTE advanced system (LTE-A).

In response to demand for high-speed communications,
system bandwidths have been increased. For example, for
downlink, a system bandwidth of 5 MHz is used in W-CDMA
and a maximum system bandwidth of 20 MHz is used in LTE.
In a successor system to LTE, it may be necessary to further
increase the communication speed and the system bandwidth.
For example, compared with LTE where a transmission rate
of about 300 Mbps (downlink) is achieved using the band-
width of 20 MHz, a much wider bandwidth of 100 MHz may
be necessary to achieve a transmission rate of 1-2 Gbps. Also,
such a wide frequency band is necessary for each telecom-
munications operator.

Meanwhile, to achieve continuous two-way communica-
tion, it is preferable to employ a frequency division duplex
(FDD) scheme where separate frequency bands are used for
uplink and downlink. In this case, a bandwidth corresponding
to about 3% of the center frequency is used as a separating
band (center gap) to sufficiently suppress interference
between an uplink signal and a downlink signal. Since only
high-frequency bands are available for future mobile commu-
nication systems, it is necessary to provide a wider center gap
to employ an FDD scheme. Assuming that the center fre-
quency is 3.6 GHz, a bandwidth as large as about 130 MHz is
used for the center gap.

Also, the propagation loss (path loss) of a signal increases
as the frequency becomes higher. For example, attenuation of
a signal in a 3 GHz band is greater than that of a signal ina 2
GHz band by about 6 dB. Therefore, in a system using a high
frequency band, the cell radius (or cell coverage) tends to
become small. One approach to improve the signal quality is
to increase the transmission power. However, it is not practi-
cal to increase the transmission power to such a level that the
above problem can be solved. Particularly, compared with a
base station, it is difficult to increase the transmission power
of a user device.

Roughly two types of channels are used in a mobile com-
munication system: data channels and control channels. It is
possible to improve the signal quality of a data channel to
some extent by appropriately performing adaptive modula-
tion and channel coding (AMC). However, unlike a data
channel, it is difficult to effectively perform AMC to control
the transmission rate of a control channel. Therefore, when
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considering the cell coverage, it is necessary to give more
attention to control channels rather than to data channels.

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

In an area where an older system using a system frequency
band with a basic bandwidth and a newer system using a
system frequency band with a bandwidth wider than the basic
bandwidth coexist, an aspect of the present invention makes it
possible to improve the frequency efficiency while achieving
desired cell coverage of the newer system.

Means for Solving the Problems

An aspect of the present invention provides a communica-
tion apparatus to be used for a newer system in an area where
an older system and the newer system coexist. The older
system uses a system frequency band with a basic bandwidth
and the newer system uses a system frequency band wider
than the basic bandwidth and employs a frequency division
duplex scheme for communications. The communication
apparatus includes a first communication unit communicat-
ing at least a downlink data channel of the newer system using
a frequency band belonging to a first frequency range; and a
second communication unit communicating at least an uplink
control channel of the newer system using a frequency band
belonging to a second frequency range lower than the first
frequency range. The second frequency range is used for
uplink and downlink communications in the older system.

According to another aspect of the present invention, a
downlink control channel of the newer system may also be
communicated using a frequency band belonging to the first
frequency range; and an uplink data channel of the newer
system may also be communicated using a frequency band
belonging to the second frequency range.

According to still another aspect of the present invention, at
least a part of downlink control channels of the newer system
may also be communicated using a frequency band belonging
to the second frequency range; and an uplink data channel of
the newer system may also be communicated using a fre-
quency band belonging to the first frequency range. The part
of'the downlink control channels may include one or more of
a broadcast channel, a paging channel, and a random access
channel.

Advantageous Effect of the Invention

In an area where an older system using a system frequency
band with a basic bandwidth and a newer system using a
system frequency band with a bandwidth wider than the basic
bandwidth coexist, an aspect of the present invention makes it
possible to improve the frequency efficiency while achieving
desired cell coverage of the newer system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a drawing illustrating a case where a center gap is
provided in the same frequency range;

FIG. 2 is adrawing illustrating a method of using frequency
bands according to a first embodiment of the present inven-
tion;

FIG. 3 is a drawing illustrating a case where a center gap is
provided in the same frequency range by using numerical
examples;
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FIG. 41s adrawing illustrating a method of using frequency
bands according to the first embodiment by using numerical
examples;

FIG. 5 is a drawing illustrating a base station and a user
device according to the first embodiment;

FIG. 6 is a drawing illustrating a method of using frequency
bands according to a second embodiment of the present
invention; and

FIG. 7 is a drawing illustrating a base station and a user
device according to the second embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

Although the present invention is described below using
multiple embodiments, the distinctions between the embodi-
ments are not essential for the present invention and the
embodiments may be used individually or in combination.
Although specific values are used in the descriptions below to
facilitate the understanding of the present invention, the val-
ues are just examples and any other appropriate values may
also be used unless otherwise mentioned.

FIG.11is adrawing illustrating a method of using frequency
bands as a comparative example. In FIG. 1, it is assumed that
there are first, second, and third mobile communication pro-
viders (hereafter, simply called “providers”) providing
mobile communication services using a frequency division
duplex (FDD) scheme. Each provider uses one of frequency
bands for downlink (DL frequency bands) indicated by “DL”
and one of frequency bands for uplink (UL frequency bands)
indicated by “UL”. A frequency band (center gap) for pre-
venting interference between uplink and downlink is pro-
vided between the three UL frequency bands and the three DL,
frequency bands. The three UL frequency bands, the three DL
frequency bands, and the center gap are provided in the same
frequency range. In this example, the frequency range is
between 3.4 GHz and 3.8 GHz.

The frequency bands assigned to the providers are called
basic bandwidths or system bandwidths. In other words, base
stations of each provider use one basic bandwidth. The same
basic bandwidth may be used for both uplink and downlink or
different basic bandwidths may be used for uplink and down-
link. Also, the provider may use the entire assigned basic
bandwidth by itself or may divide the assigned basic band-
width and assign the divided bandwidths to multiple telecom-
munications carriers.

The method of using frequency bands shown by FIG. 1 is
provided as a comparative example from a technical point of
view and is not necessarily in practical use.

FIG. 2 is adrawing illustrating a method of using frequency
bands according to an embodiment of the present invention.
In this method, as in the method of FIG. 1, different band-
widths are used for uplink and downlink. This is because the
amount of downlink communications is normally greater
than the amount of uplink communications.

The method of FIG. 2 is different from the method of FIG.
1 in that UL frequency bands of the three providers are in a
second frequency range different from a first frequency range
containing DL frequency bands of the three providers. For
example, a 2 GHz band used in the third generation mobile
communication system may be used as the second frequency
range. As described above, when using the FDD scheme, it is
necessary to provide a separating band (center gap) between
uplink frequency bands and downlink frequency bands to
prevent interference between uplink and downlink. With the
method of FIG. 1, it is necessary to provide the center gap in
the frequency range of 3.4 GHz to 3.8 GHz (a 3.4-3.8 GHz
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band). Meanwhile, with the method of FIG. 2, it is not nec-
essary to provide the center gap in the frequency range of 3.4
GHz to 3.8 GHz. This is because the gap between the first
frequency range and the second frequency range functions as
the center gap.

Accordingly, in FIG. 2, the first frequency range of 3.4
GHz to 3.8 GHz includes only the DL frequency bands ofthe
first through third providers. Since it is not necessary to pro-
vide the center gap, the method of FIG. 2 makes it possible to
more efficiently use the frequency range. In other words, the
method of FIG. 2 makes it possible to use DL frequency bands
with a wider bandwidth than that of FIG. 1.

First Embodiment

FIG. 3 is adrawing illustrating a method of using frequency
bands by using numerical examples. FIG. 3 corresponds to
FIG. 1 and is used as a comparative example. In FIG. 3, it is
assumed that there are first, second, and third mobile com-
munication providers providing mobile communication ser-
vices using the FDD scheme. Each provider uses one of
frequency bands for downlink (DL frequency bands) indi-
cated by “DL” and one of frequency bands for uplink (UL
frequency bands) indicated by “UL”. A frequency band (cen-
ter gap) for preventing interference between uplink and
downlink is provided between the three UL frequency bands
and the three DL frequency bands. The three UL frequency
bands, the three DL frequency bands, and the center gap are
provided in a frequency range of 3.4 GHz to 3.8 GHz.

The frequency bands assigned to the providers are called
basic bandwidths or system bandwidths. In this example,
each provider is assigned a basic frequency band of 20 MHz
for uplink and a basic frequency band of 70 MHz for down-
link. The center frequency of the entire frequency band for
uplink is apart from the center frequency of the entire fre-
quency band for downlink by 265 MHz.

The method of using frequency bands shown by FIG. 3 is
provided as a comparative example from a technical point of
view and is not necessarily in practical use.

FIG. 41is adrawing illustrating a method of using frequency
bands according to the first embodiment. In FIG. 4, UL fre-
quency bands of the three providers are in a second frequency
range (2 GHz band) different from a first frequency range (3.4
GHz-3.8 GHz) containing DL frequency bands of the three
providers. Similar to FIG. 3, each provider is assigned a basic
frequency band of 20 MHz for uplink. However, different
from FIG. 3, each provider is assigned a wide basic frequency
band of 133 MHz for downlink. Since it is not necessary to
provide the center gap in the first frequency range of 3.4 GHz
to 3.8 GHz, the method of FIG. 4 makes it possible to more
efficiently use the frequency range.

Also in FIG. 4, the UL frequency bands are provided in the
second frequency range that is lower than the first frequency
range for downlink. Generally, the path loss is smallerin a low
frequency band than in a high frequency band. Therefore,
using a lower frequency range (second frequency range)
together with a higher frequency range (first frequency range
of 3.4 GHz to 3.8 GHz) also makes it possible to achieve
desired cell coverage.

Since the amount of uplink communications is generally
less than the amount of downlink communications, a rela-
tively narrow frequency band is sufficient for uplink. Also, a
part of users of an older system using the 2 GHz band may
switch to a newer system using the 3.4-3.8 GHz band. There-
fore, even if uplink frequency bands for the newer system are
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set in the frequency range of the older system, it is possible to
properly provide services in both the current and older sys-
tems.

FIG. 5 is a drawing illustrating a base station eNB and a
user device UE according to the first embodiment. Here, it is
assumed that the base station eNB and the user device UE
belong to a mobile communication system using the fre-
quency bands as shown in FIG. 4. More specifically, it is
assumed that the base station eNB and the user device UE
belong to a mobile communication system provided by one of
the first through third providers described with reference to
FIG. 4. The base station eNB includes a baseband processing
unit BB (Tx), a frequency conversion unit, a radio transmis-
sion unit RF (Tx), and a transmitting antenna for a transmis-
sion signal; and a receiving antenna, a radio reception unit RF
(Rx), a frequency conversion unit, and a baseband processing
unit BB (Rx) for a received signal.

Similarly, the user device UE includes a baseband process-
ing unit BB (Tx), a frequency conversion unit, a radio trans-
mission unit RF (Tx), and a transmitting antenna for a trans-
mission signal; and a receiving antenna, a radio reception unit
RF (Rx), a frequency conversion unit, and a baseband pro-
cessing unit BB (Rx) for a received signal.

The baseband processing unit BB (Tx) of the base station
eNB generates a downlink signal. A downlink signal indi-
cates either a control signal or a data signal. The downlink
signal is up-converted by the frequency conversion unit into a
signal with an appropriate frequency. In this example, the
downlink baseband signal is converted into a high-frequency
signal to be transmitted in the 3.4-3.8 GHz band. Processing
such as filtering and amplification is performed on the con-
verted signal and a radio signal in the 3.4-3.8 GHz band is
transmitted from the transmitting antenna. When the radio
signal in the 3.4-3.8 GHz band is received by the receiving
antenna, the radio reception unit RF (Rx) of the user device
UE performs processing such as filtering and amplification on
the received signal. Next, the frequency conversion unit con-
verts the processed signal into a baseband signal. Then, the
baseband signal is processed by the baseband processing unit
BB (Rx).

Meanwhile, the baseband processing unit BB (Tx) of the
user device UE generates an uplink signal. An uplink signal
indicates either a control signal or a data signal. The uplink
signal is up-converted by the frequency conversion unit into a
signal with an appropriate frequency. In this example, the
uplink baseband signal is converted into a high-frequency
signal to be transmitted in the 2 GHz band (the second fre-
quency range other than the first frequency range of 3.4 GHz
to 3.8 GHz). Processing such as filtering and amplification is
performed on the converted signal and a radio signal in the 2
GHz band is transmitted from the transmitting antenna. When
the radio signal in the 2 GHz band is received by the receiving
antenna, the radio reception unit RF (Rx) of the base station
eNB performs processing such as filtering and amplification
on the received signal. Next, the processed signal is converted
into a baseband signal by the frequency conversion unit.
Then, the baseband signal is processed by the baseband pro-
cessing unit BB (Rx).

Thus, in this embodiment, different frequency ranges (the
2 GHz band and the 3.4-3.8 GHz band) are used for uplink
and downlink and the gap between the frequency ranges is
used as a separating band. This approach makes it possible to
improve the frequency efficiency. Also in this embodiment,
uplink frequency bands are provided in a lower frequency
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range where the path loss is smaller. This approach makes it
possible to achieve desired cell coverage.

Second Embodiment

As described above, when a higher frequency (carrier fre-
quency) is used, the path loss generally becomes larger and
the cell coverage generally becomes smaller. For example,
compared with a case where a 2 GHz carrier frequency is
used, the path loss increases by about 6 dB when a 3 GHz
carrier frequency is used. Here, it is possible to improve the
signal quality of a data channel to some extent by appropri-
ately controlling the transmission rate. The transmission rate
can be controlled, for example, by selecting a data modulation
scheme, a channel coding rate (or data size), and a spreading
ratio. Meanwhile, it is difficult to effectively control the trans-
mission rate of a control channel by performing adaptive
modulation and channel coding (AMC). Even if AMC is
performed, unlike a data channel, it is difficult to effectively
vary the transmission rate of a control channel. For this rea-
son, in a second embodiment of the present invention, data
channels are communicated (transmitted or received) using a
high frequency and control channels are communicated
(transmitted or received) using a low frequency.

FIG. 6is a drawing illustrating a method of using frequency
bands according to the second embodiment. In FIG. 6, f1
through 4 indicate carrier frequencies (sub-carriers). The
sub-carrier fl1 is used to transmit basic control information
that is essential for the system and called a main-carrier. The
basic control information includes broadcast information
(BCH), paging information (PCH), and/or random access
information (RACH). The sub-carriers {2 through f4 are basic
bandwidths assigned to the first, second, and third mobile
communication providers. Each of the sub-carriers f2 through
4 has a bandwidth of, for example, 100 MHz. The bandwidth
of the main-carrier f1 may be the same as or narrower than
that of the sub-carriers f2 through 4. Any bandwidth suffi-
cient to transmit the control information may be assigned to
the main-carrier fl. Each provider may use a single-carrier
scheme or a multicarrier scheme for communications. Con-
trol information other than the basic control information (e.g.,
BCH, PCH, and RACH) may be transmitted using the main-
carrier f1 or the respective sub-carriers {2 through 4.

For example, the main-carrier f1 belongs to the 2 GHz
band, and the sub-carriers f2 through f4 belong to the 3.4-3.8
GHz band. However, providing the main-carrier {1 and the
sub-carriers f2 through {4 in different frequency ranges is not
essential for this embodiment as long as the frequency
band(s) for control channels is low enough to be able to
achieve a wide coverage for the control channels. Although
data channels are also transmitted in the main-carrier {1 in
FIG. 6, this is not essential for this embodiment. For example,
only control channels may be transmitted in the main-carrier
fl and data channels may be transmitted only in the sub-
carriers 12 through f4.

FIG. 7 is a drawing illustrating a base station eNB and a
user device UE according to the second embodiment. Here, it
is assumed that the base station eNB and the user device UE
belong to a mobile communication system using the fre-
quency bands as shown in FIG. 6. More specifically, it is
assumed that the base station eNB and the user device UE
belong to a mobile communication system provided by one of
the first through third providers described with reference to
FIG. 6. The base station eNB includes a baseband processing
unit BB for data channels, a baseband processing unit BB for
control channels, a multiplexing unit MUX, frequency con-
version units for high frequency and low frequency, radio
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units RF for high frequency and low frequency, and transmit-
ting antennas for high frequency and low frequency.

The user device UE includes receiving antennas for high
frequency and low frequency, radio units RF for high fre-
quency and low frequency, frequency conversion units for
high frequency and low frequency, a demultiplexing unit
DE-MUX, a baseband processing unit BB for data channels,
and a baseband processing unit BB for control channels.

The baseband processing unit BB (for data channels) of the
base station eNB generates a downlink data channel. Appro-
priate data modulation and channel coding are applied to the
downlink data channel according to adaptive modulation and
channel coding (AMC). Next, the downlink data channel is
up-converted by the frequency conversion unit into a signal
with an appropriate frequency. In this example, the downlink
baseband signal is converted into a high-frequency signal to
be transmitted in the 3.4-3.8 GHz band. Processing such as
filtering and amplification is performed on the converted sig-
nal and a radio signal in the 3.4-3.8 GHz band is transmitted
from the transmitting antenna.

The baseband processing unit BB (for control channels) of
the base station eNB generates a downlink control channel(s).
The downlink control channel(s) includes, for example, a
broadcast channel (BCH), a paging channel (PCH), and/or a
random access channel (RACH). The downlink control chan-
nel is multiplexed with a data channel by the multiplexing
unit MUX if necessary (typically, the channels are multi-
plexed by time-division multiplexing; however, a different
multiplexing scheme may be used instead of or in combina-
tion with time-division multiplexing). A signal including the
downlink control channel is up-converted by the frequency
conversion unit into a signal with an appropriate frequency. In
this example, the downlink baseband signal is converted into
a signal to be transmitted in a frequency range (e.g., the
2-GHz band) lower than the 3.4-3.8 GHz band. Processing
such as filtering and amplification is performed on the con-
verted signal and a radio signal in the 2 GHz band is trans-
mitted from the transmitting antenna.

When the radio signal in the 3.4-3.8 GHz band is received
by the receiving antenna, the radio unit RF (for high fre-
quency) of the user device UE performs processing such as
filtering and amplification on the received signal. The pro-
cessed signal is converted by the frequency conversion unit
into a baseband signal. The baseband signal is processed by
the baseband processing unit BB (for data channels) and the
data channel is restored. Appropriate data demodulation and
channel decoding are performed on the downlink data chan-
nel according to the data modulation and channel coding
schemes that have been applied to the downlink data channel
according to adaptive modulation and channel coding
(AMO).

When the radio signal in the 2 GHz band is received by the
receiving antenna, the radio unit RF (for low frequency) of the
user device UE performs processing such as filtering and
amplification on the received signal. The processed signal is
converted by the frequency conversion unit into a baseband
signal. The baseband signal is separated into a data channel
and a control channel if necessary. The control channel is
processed by the baseband processing unit BB (for control
channels) and the control channel is restored.

Thus, in the second embodiment, a control channel is trans-
mitted using a lower frequency band and a data channel is
transmitted using a higher frequency band. This approach
makes it possible to achieve desired cell coverage.

INDUSTRIAL APPLICABILITY

The present invention may be applied to any mobile com-
munication system where a higher frequency range and a
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lower frequency range that are apart from each other are used
for communications. For example, the present invention may
be applied to an HSDPA/HSUPA W-CDMA system, an LTE
system, an IMT-Advanced system, a WiMAX system, and a
Wi-Fi system.

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention. Although the 3.4-3.8 GHz band is used as an
example of the higher frequency range in the above embodi-
ments, any other appropriate frequency band may be used as
the higher frequency range. Although the 2 GHz band is used
as an example of the lower frequency range in the above
embodiments, any other appropriate frequency band may be
used as the lower frequency range. In other words, any two
frequency ranges that are respectively higher and lower rela-
tive to each other may be used. Although specific values are
used in the above descriptions to facilitate the understanding
of the present invention, the values are just examples and
different values may also be used unless otherwise men-
tioned. The distinctions between the embodiments are not
essential for the present invention, and the embodiments may
be used individually or in combination. Although functional
block diagrams are used to describe apparatuses in the above
embodiments, the apparatuses may be implemented by hard-
ware, software, or a combination of them.

The present international application claims priority from
Japanese Patent Application No. 2008-120660 filed on May
2,2008, the entire contents of which are hereby incorporated
herein by reference.

EXPLANATION OF REFERENCES

eNB Base station

UE User device

BB Baseband processing unit

RF Radio unit

MUX Multiplexing unit

DE-MUX Demultiplexing unit

The invention claimed is:

1. A communication apparatus comprising:

a first communication unit; and

a second communication unit,

wherein the communication apparatus is configured for a
newer system in an area where an older system and the
newer system coexist, the older system using a system
frequency band with a basic bandwidth, and the newer
system using a system frequency band wider than the
basic bandwidth and employs a frequency division
duplex scheme for communications;

wherein the first communication unit is configured to com-
municate at least a downlink data channel of the newer
system using a frequency band belonging to a first fre-
quency range,

wherein the second communication unit is configured to
communicate at least an uplink control channel of the
newer system using a frequency band belonging to a
second frequency range that is separate from the first
frequency range and lower than the first frequency
range, and

wherein the second frequency range is used for uplink and
downlink communications in the older system,

wherein the older system is a Long Term Evolution (LTE)
system and the newer system is a successor system to the
LTE system.

2. The communication apparatus as claimed in claim 1,

wherein
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a downlink control channel of the newer system is com-
municated using a frequency band belonging to the first
frequency range; and

an uplink data channel of the newer system is communi-
cated using a frequency band belonging to the second
frequency range.

3. The communication apparatus as claimed in claim 1,

wherein

at least a part of downlink control channels of the newer
system are communicated using a frequency band
belonging to the second frequency range; and

an uplink data channel of the newer system is communi-
cated using a frequency band belonging to the first fre-
quency range.

4. The communication apparatus as claimed in claim 3,
wherein the part of the downlink control channels includes
one or more of a broadcast channel, a paging channel, and a
random access channel.

5. A communication method performed by a communica-
tion apparatus, the method comprising the steps of:

communicating, by a first communication unit of the com-
munication apparatus, at least a downlink data channel
of'a newer system using a frequency band belonging to
a first frequency range; and

communicating, by a second communication unit of the
communication apparatus, at least an uplink control
channel of the newer system using a frequency band
belonging to a second frequency range that is separate
from the first frequency range and lower than the first
frequency range,

wherein the communication apparatus is configured for the
newer system in an area where an older system and the
newer system coexist, the older system using a system
frequency band with a basic bandwidth, and the newer
system using a system frequency band wider than the
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basic bandwidth and employs a frequency division

duplex scheme for communications, and

wherein the second frequency range is used for uplink and
downlink communications in the older system,

wherein the older system is a Long Term Evolution (LTE)
system and the newer system is a successor system to the

LTE system.

6. A communication system, comprising:

an older system using a system frequency band with abasic
bandwidth;

a newer system using a system frequency band wider than
the basic bandwidth and employing a frequency division
duplex scheme for communications; and

acommunication apparatus used in an area where the older
system and the newer system coexist, the older system
using a system frequency band with a basic bandwidth,
and the newer system using a system frequency band
wider than the basic bandwidth and employs a frequency
division duplex scheme for communications, wherein
the communication apparatus comprises:

a first communication unit communicating at least a
downlink data channel of the newer system using a
frequency band belonging to a first frequency range,

a second communication unit communicating at least an
uplink control channel of the newer system using a
frequency band belonging to a second frequency
range that is separate from the first frequency range
and lower than the first frequency range,

wherein the second frequency range is used for uplink and
downlink communications in the older system,

wherein the older system is a Long Term Evolution (LTE)
system and the newer system is a successor system to the

LTE system.



